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1. Title of the Invention 

MANUFACTURING METHOD FOR LIQUID CRYSTAL DISPLAY 
DEVICE 

10 

2. Claims 

1. A manufacturing method for a liquid crystal display device, 
characterized in that in a manufacturing process for a liquid crystal display 
device using a-Si TFT, in sticking a glass substrate where a-Si TFT and an ITO 

15 pixel electrode are disposed and a glass substrate where a color filter and an 
ITO counter electrode are disposed to each other through a fixed gap space, in 
a sealant on a wiring area for taking out a terminal, glass fiber is used as a 
spacer material, and a plastic spacer material having elasticity is used on a 
display screen area filled with liquid crystal. 

20 2. The manufacturing method for a liquid crystal display device 

according to claim 1, wherein the plastic spacer material is spherical, and the 
plastic spacer material has the compressibility ranging from 10% to 20% when 
load of 20kg is applied in a temperature range from -30°C to 200°C. 

3. The manufacturing method for a liquid crystal display device 
25 according to claim 1, wherein the plastic spacer material is a crosslinked 

copolymer mainly composed of di-vinyl benzene or a crosslinked copolymer 
mainly composed of benzoguanamine-formaldehyde condensation product. 

4. The manufacturing method for a liquid crystal display device 
according to claim 1, wherein the dispersion density in a display screen area of 

30 the plastic spacer material ranges from 30/mm 2 to 1 50/mm 2 , and the dispersion 
density in a sealant of the glass fiber spacer material ranges from 5 to 50/mm 2 . 
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3. Detailed Description of the Invention 
[Industrial Field of Application] 

This invention relates to a manufacturing method for a liquid crystal 
5 display device and particularly to the manufacturing method for a liquid crystal 
display device suitable for preventing a TFT element from being damaged in 
sticking a TFT substrate and a common electrode substrate where a color filter 
is disposed to each other through a fixed gap space. 
[Prior Art] 

10 Generally, as a spacer material of an active matrix liquid crystal display 

panel, which is one of liquid crystal display devices, glass fiber having a 
designated diameter has been cut to a designated length to be used heretofore. 
At the time, as a basis for selection of spacer materials, it is the most important 
point that in heat bonding the upper plate and the lower plate by application of 

15 fixed load using a thermosetting sealant, the gap space will not become 
ununiform in the display screen because of thermal deformation. Accordingly, 
glass fiber hard to cause thermal deformation even if thermal load is applied 
has been mainly used as the spacer material. Recently, plastic hard superfine 
spheres have been developed and started using in some liquid crystal panels. 

20 The performance, reliability and the other problems are, however, quite 
unknown in the case of applying the above spheres to a large-area highly- 
integrated a-Si TFT active matrix liquid crystal panel. Further, as disclosed in 
JP-B-61-33166, a method of disposing a spacer in a place other than an 
electrode part using a mask corresponding to a pixel is also applicable to a 

25 simple matrix panel, which is simple in structure of one pixel and has a small 
number of pixels per area, but the application to the above active matrix panel is 
difficult. 

Therefore, in the case of uniformly dispersing spacers at uniform 
density in the whole of the active matrix liquid crystal panel having the degree of 
30 integration of the pixels as much as 80,000 to 1 ,000,000, it has been necessary 
to develop a spacing method for the manufacturing method for a liquid crystal 
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display device, which does not cause failure such as gate-drain reduction due to 
damage of a-Si TFT even if a-Si TFT pattern for pixel selection set in each pixel 
and a spacer overlap each other. 
[Problems that the Invention is to Solve] 
5 Fig. 1 shows an example of a section of one pixel part of a transmission 

type a-Si TFT active matrix liquid crystal display panel according to the prior art. 
The panel has a sectional structure in which a translucent glass substrate 1 (a 
lower plate) where a-Si TFT and an ITO pixel electrode are arranged in each 
pixel and a translucent glass substrate 16 (an upper plate) where a color filter 

10 and a common electrode of an ITO corresponding to each pixel are arranged 
are stuck to each other at a desired gap space with a spacer material 12 such 
as glass fiber held between them to enclose liquid crystal 11. The a-Si TFT on 
the lower plate 1 is ordinarily composed of a Cr gate electrode (a scan line) 2, 
an SiN gate insulation film 3, a-Si:H (i) semiconductor 4, a drain electrode (a 

15 signal line) 5 formed of a Cr/AI two-layer film and a source electrode 6. An ITO 
pixel electrode 7 is electrically connected to the source electrode 6. An SiN 
protection film 8 and a shielding film 9 are sequentially formed on these 
patterns, and lastly an orientation film 10 is applied to form the lower substrate. 
On the other hand, a color filter layer 15, a filter protection film 14, an ITO 

20 common electrode 13, and an orientation film 10 are sequentially formed with 
one-to-one correspondence to the respective pixels on the upper plate 16. As 
described above, in sticking the upper and lower plates to each other, when a 
spacer material made of glass fiber is generally used in order to keep a gap 
between the upper and lower plates fixed, as shown in Fig. 1, a portion where 

25 the glass fiber gets over the a-Si TFT occurs at a certain probability. For 
example, when glass fibers are distributed at a density of 10/mm 2 in a display 
screen, taking the size of one pixel as 200 jxm x 200 jam, 25 pixels are existent 
in 1 mm 2 . Therefore, when the area of a-Si TFT in one pixel is considered to be 
about 10% of one pixel at maximum, getting-over is caused at probability of one 

30 in 25 pixels. 

When upper and lower plates are stuck to each other using a sealant, 



4 



JP63-223728.doc 



thermal load about 1 kg/cm 2 at 150°C is applied to form a gap. At the time, in 
the case where the above getting-over occurs, a great load is applied 
specifically to that part. Since the glass fiber has Mohs' hardness of 55, it is 
harder than the TFT element, and also the compressibility per 1 kg/cm 2 is 
5 generally low as much as 2 to 3 x 10 ~*% so that deformation is hardly caused, 
the rate of occurrence of crushing of the TFT element becomes high. 

For example, when the gate electrode (a scan line) and the drain 
electrode (a signal line) are short-circuited by crushing of the TFT, a defect (a 
linear defect) linearly extended from a short-circuited pixel part of the TFT is 

10 found in the liquid crystal display. Especially, in the active matrix liquid crystal 
panel using a-Si TFT, the a-Si film and the SiN film used as a gate insulation 
film are both hard and fragile, and also the projection of the TFT element part 
has a height about 0.5 to 1.5 |um, so especially the above crushing is easily 
caused. Further, the problem is that when electric short-circuit is once caused 

15 by crushing, breaking easily gets serious. The liquid crystal panel causing such 
defects can't be used as a panel for a display. 

Then, a new sticking method has been needed to prevent breakage of 
the TFT caused by glass fiber occurring in the process of sticking the upper and 
lower plates to each other. 

20 [Means for Solving the Problems] 

In order to solve the problems, in the manufacturing method for a liquid 
crystal display device of the invention, as shown in Fig. 2, plastic spherical 
beads 26 having high compressibility and high thermal deformability are used 
on a display screen area 23 where a TFT element and cross-over wiring of a 

25 scan line and a signal line are disposed glass fibers 25 are dispersed in a 
sealant 24 for sticking an upper plate 21 and a lower plate 28 on an area 22 
where a leading wiring is existing, and thermal load is applied to stick the plates 
to each other. 
[Operation] 

30 According to the method, the glass fiber 25 in the sealant having low 

compressibility and causing little thermal deformation and pressure deformation 
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is mainly in charge of forming the whole gap between the upper plate 28 and 
the lower plate 21, and the plastic beads 26 having a high compressibility and a 
little thermal deformability are in charge of forming a gap of a screen display 
part. In a terminal leading area 22, even if the glass fiber is used, the above 
5 problem is not caused because there is neither cross-over part of the scan line 
nor the signal line and TFT. Further, it is possible to make the best use of 
advantage that the gap forming performance of the glass fiber is superior to that 
of the plastic beads. That is, Fig. 3 shows an example of examining the gap 
space characteristic to the spacer dispersion density in the case of using the 

10 spacers of the glass fiber and the plastic beads having a diameter of 7 |im. It is 
found that while the plastic beads have the weak point in reproducibility of gap 
forming because the gap space has a large dispersion density dependency (a 
curve (a) in Fig. 3), with the spacer of the glass fiber, gap space with good 
reproducibility can be obtained at a dispersion density lower than that of the 

15 plastic spacer by ten times (a curve (b) in Fig. 3). 

Fig. 4 shows a sectional view in the case where the plastic spherical 
spacers dispersed in the display screen part accidentally get on the a-Si TFT 
element part. In this case, since the plastic spacers has high compressibility 
and a little thermal deformability, the spacers which have been spherical before 

20 application of thermal load as indicated by a reference numeral 17 in Fig. 4 are 
deformed as indicated by a reference numeral 18 after application of thermal 
load to thereby prevent crushing of the TFT element. The use of spherical 
plastic beads can produce the effect of lowering the probability that the plastic 
spacer gets on the TFT element. 

25 Fig. 5 is a diagram showing an example of a change in compressibility 

at the time of using the above plastic spacer material and applying load thereto 
one by one in a temperature range from -30°C to 200°C. A curve (a) is a 
compressive characteristic realized at a comparatively low temperature, and a 
curve (b) is a compressive characteristic realized at a comparatively high 

30 temperature. In the temperature range from -30°C to 200°C, shown is the 
compressive characteristic changing within an oblique line region between the 
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lower limit (a) and the upper limit (b) of the compressive characteristic. That is, 
it became clear from Fig. 5 that in the case of using the plastic spacer material 
showing the compressive characteristic such that when load of 20kg is applied, 
the compressibility is within the range of 10 to 20% at a temperature ranging 
5 from -30°C to 200°C, gap can be formed without crushing the a-Si TFT element. 

It is found that as the plastic spacer material showing such compressive 
characteristic, a crosslinked copolymer mainly composed of di-vinyl benzene, 
polystyrene or benzoguanamine-formaldehyde condensation product is 
suitable. 

10 Further, it is clear that it will be sufficient to use the plastic spacer 

material in the display screen at the dispersion density ranging from 30 to 
100/mm 2 , as shown in Fig. 3, and it will be sufficient to use the glass fiber 
spacer in the sealant in the range of 5 to 50/mm 2 . 

It goes without saying that the method of the invention is applicable to 

15 an active matrix type liquid crystal display panel as well, in which instead of the 
a-Si TFT, a-SiniP diodes are combined like a ring to have nonlinear 
characteristic. 
[Embodiment] 

The present invention will be described hereafter. 

20 As shown in Fig. 4, on a lower glass substrate 1, a Cr gate electrode 

(scan line) 2 pattern with a film thickness of 0.1 jam, an SiN gate insulation film 3 
deposited 0.3 jam thick by plasma CVD method using SiH 4 -NH3-N2 gas, an a- 
Si:H(i) film pattern deposited 0.3 jam thick by plasma CVD method using SiH 4 
gas, a drain electrode (a signal line) 5 formed of two layers: Cr 0.1 ^m thick and 

25 Al 0.3 jim thick and a source electrode pattern 6 are sequentially formed to 
obtain an a-Si TFT matrix array. At the time, in manufacture, generally an a- 
Si:H (n) layer 41 is interposed in a contact part between the drain electrode and 
the source electrode and the a-Si:H(i). Subsequently, an ITO pixel electrode 
pattern 7 is electrically connected to the source electrode 6 corresponding to 

30 each pixel. An SiN passivation film 8, an Al shielding film 9 and an orientation 
film 10 are sequentially formed thereon to form a lower glass substrate. 
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On an upper glass substrate 16, as shown in Fig. 4, a color filter layer 
15 of red, green and blue disposed corresponding to the respective pixel 
electrodes, a protection film 14 formed of organic resin, an ITO counter 
electrode 13 patterned to cover the whole surface of a display screen area, and 
5 an orientation film 10 are formed. 

In positioning and sticking the upper and lower glass substrates to each 
other, as shown in Fig. 2, glass fibers 25 having a diameter of 8 ^im are 
dispersed at a surface density of 8 to 20/mm 2 in a sealant 24 formed of 
thermosetting polyimide resin, and on a display screen part 23, plastic spherical 

10 beads 26 hawing a diameter of 8 urn made of a crosslinked copolymer mainly 
composed of vinyl benzene are dispersed at a surface density of 40 to 50/mm 2 
to stick the substrates to each other. Subsequently, load of 1 kg/cm 2 at 150°C 
is applied to perform temporary curing for gap forming so that the space 
between the upper and lower substrates is fixed. At the time, in the case of 

15 using a thin film having dimensions of 12 cm x 15 cm, for example, it is 
necessary to uniformly apply load of 180 kg thereto. As shown in Fig. 4, 
however, in the case where the plastic bead 17 accidentally gets on a plastic 
bead 17, excessive pressure is applied to the beads and the TFT element part. 
In the method of the invention, however, since the plastic beads 17 have the 

20 compressive characteristic to be contained in the oblique line part in Fig. 5, the 
beads are deformed as indicated by the reference numeral 18, the TFT element 
is not crushed. Even in the case of a liquid crystal panel whose number of 
pixels in the display screen part is 640 x 600 = 384, 000 pixels, for example, 
when the glass fibers are used in the display screen part, breaking of the TFT 

25 element occurs at the probability of 10/380,000 pixels. In the case of the plastic 
beads, however, it is confirmed that the probability can be lowered to 1/380,000 
or smaller. Further, as shown in Fig. 2, glass fibers 25 having favorable gap 
forming characteristic (Fig. 3) are used in a sealant 24 on a terminal wiring part 
22, so the uniformity of the gap space between the upper plate and the lower 

30 plate can be obtained with good reproducibility. 

Subsequently, after final curing for four hours at 130°C, liquid crystal (27 
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in Fig. 2, 11 in Fig. 4) is enclosed, and a driving circuit is attached to the 
periphery of the panel to finish an active matrix type liquid crystal panel module. 
When this liquid crystal panel is used for a liquid crystal color television set, a 
product having favorable characteristic without linear defect and uneven 
5 contrast ratio in the display screen has been obtained. 
[Advantage of the Invention] 

According to the invention, as described in detail in the embodiment, in 
the manufacturing method for a liquid crystal display device, the plastic spacer 
material having comparatively high compressibility is used in the display screen 

10 area where a number of a-Si TFTs are integrated at high density, whereby in 
applying thermal load to the upper and lower plates to stick the plates to each 
other, breaking of TFT due to the spacer material can be prevented, and further 
hard glass fibers having favorable gap forming characteristic are used in the 
sealant for sticking the upper and lower plates to each other at the terminal 

15 wiring part, so in-plane uniformity and reproducibility of the gap space are both 
superior. Accordingly, in the liquid crystal display device using the method of 
the invention, the effect of restraining uneven brightness in the display screen 
can be produced. 



20 4. Brief Description of the Drawings 

Fig. 1 is a sectional view of one pixel part of the conventional active 
matrix liquid crystal display panel; 

Fig. 2 is a sectional view showing the arrangement of the spacer 
material in a liquid crystal display device according to the invention; 
25 Fig. 3 is a diagram showing the characteristic showing the gap forming 

characteristic of the spacer material; 

Fig. 4 is a sectional view of one pixel part of the liquid crystal display 
device according to the invention; and 

Fig. 5 is a diagram showing the range of compressive characteristic of a 
30 plastic spacer material used in the invention. 

1: lower glass substrate 2: gate electrode 3: gate insulation film 4: a- 
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Si:H (i) 41: a-Si:H (n+) 5: drain electrode 6: source electrode 7: ITO pixel 
electrode 8: passivation film 9: shielding film 10: orientation film 11: liquid 
crystal 12: glass fiber 13: ITO counter electrode 14: protection film 15: color 
filter 16: upper glass substrate 17: plastic space of initial shape 18: deformed 
plastic spacer 21: lower glass substrate 22: terminal wiring part 23: display 
screen wiring part 24: sealant 25: glass fiber 26: plastic spacer 27: liquid 
crystal 28: upper glass substrate 
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AMENDMENT (Voluntary) 

March 11, 1994 

Commissioner of the Patent Office 
Designation of the Case: 
5 Patent Application No. 56580/1 987 

Title of the Invention: 

LIQUID CRYSTAL DISPLAY DEVICE 
Person Making Amendment: 

Relation to the Case: Patent Application 
10 Name: (510) Hitachi Limited 

Name: Hitachi Device Engineering Co., Ltd. 

Agent: 

Address: Hitachi Limited 

1-5-1, Marunouchi, Chiyoda-ku, Tokyo 100 
15 Tel. 03-3212-1111 (the key number) 

Name: (6850) Patent Attorney OGAWA Katsuo 



Object of Amendment: 

Column of " Title of the Invention", column of "Claims" and column of 
20 "Detailed Description of the Invention" of the specification 

Contents of Amendment: 

1. The title of the invention is amended to "LIQUID CRYSTAL DISPLAY 
DEVICE". 

25 2. The claims are amended as stated in the attached sheet. 

3. "a manufacturing method" in front of "a device" in the nineteenth line on 
page 2 of the specification is deleted. 

4. The following description is added to the end of the tenth line on page 4 
of the specification. " J P-A-59- 100487 (hereinafter referred to as prior art) is 

30 cited as the prior art to the invention. The prior art discloses that in a liquid 
crystal display device in which a transistor is formed in each of pixels, an elastic 
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plastic spacer material is used on a display screen area to prevent damage of a 
transistor substrate. 

The prior art, however, did not mention the relationship in dispersion 
density between a plastic spacer material in the display screen area and a glass 
fiber spacer material in a sealant and the optimum value of compressibility in 
application of load." 

5. The following description is added to the end of the second line on page 
9 of the specification. "Accordingly, the dispersion density of the glass fiber 
spacer is lowered as compared with the dispersion density of the plastic spacer, 
whereby surplus glass fiber spacer can be saved to reduce the manufacturing 
cost." 
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Attachment 
Claims: 

1. A liquid crystal display device, comprising: a first substrate where a 
TFT and an ITO pixel electrode are disposed in each of a plurality of pixels on a 

5 translucent substrate; a second substrate where an ITO common electrode 
corresponding to each pixel is disposed on a translucent substrate; a spacer 
material for holding the gap space between the first substrate and the second 
substrate to a desired value; a sealant for sticking the first substrate and the 
second substrate to each other; and a liquid crystal layer provided in the gap 

10 between the first substrate and the second substrate, wherein the spacer 
material includes a first spacer material scattered between the pixel and the ITO 
common electrode and a second spacer material scattered in a part outside the 
space between the pixel and the ITO common electrode in the sealant, the first 
spacer material is formed of plastic having elasticity, the second spacer material 

15 is formed of glass fiber, and the dispersion density of the second spacer 
material is lower than the dispersion density of the first spacer material. 

2. The Ijquid crystal display device according to claim 1, wherein the 
dispersion density of the first spacer material ranges from 30/mm 2 to 150/mm 2 , 
and the dispersion density of the second spacer material ranges from 5 to 

20 50/mm* 

3. The liquid crystal display device according to claim 1, wherein the 
first spacer material is formed of plastic whose compressibility in application of 
load of 20 kg ranges from 10% to 20%. 

4. The liquid crystal display device according to claim 1, wherein the 
25 first spacer material is formed of thermally deformable plastic. 

5. The liquid crystal display device according to claim 1, wherein the 
first spacer material is spherical. 
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